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Abstract 
Hydraulic calibration of canals is a prerequisite in effective canal management 
and an important activity in improving the performance of an irrigation system.  
Most of the canals and structures in “Track 4” settlement scheme in Ippologama 
AGA division (D15 canal, D7 canal and its field canals) are not calibrated even 
after the recent rehabilitation.  Water is supplied without any measurements in this 
area which is selected for the study.  Canal Management Software (CanalMan) has 
wide range of benefits in such situations.  However, its applicability in Sri Lanka is 
still not tested.  Therefore, the objectives of this study were to determine the 
roughness coefficient of different canal reaches and to determine calibration 
parameters for different inline and off take / turnout structures.  The field 
measurements done for canal simulations included physical parameters of canal 
reaches and structures, upstream and downstream heads of water in canal reaches 
and corresponding discharges.  Roughness values were calculated with a 
gradually varied flow profile that matches with given upstream and downstream 
depths.  Calibration parameters, coefficients and exponents were determined from 
field measurements by representative modeling of flow control structures during a 
hydraulic simulation.  Theoretical considerations and experimental data were 
combined with engineering judgment to determine appropriate calibration values.   
CanalMan can be easily and effectively used to determine the hydraulic roughness 
and calibration parameters within a given or known condition.  This allows 
effective water management by which irrigation diversions can be done efficiently 
reducing the losses. 
Introduction 
Irrigation water is becoming an increasingly scarce resource for the agriculture 
sector in many regions.  Considerable effort has been devoted over time to 
introduce new technology and policies aiming at increasing water efficiency based 
on the assertion that “more can be achieved with less water” through better 
management.  Better management usually refers to improvement of allocation and 
irrigation water efficiently.  
Hydraulic calibration of canal is a prerequisite in effective canal management and 
increased attention is now being paid to water measurement, a very important 
activity in improving the performance of an irrigation system.  Most of the canals 
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in many irrigation schemes are not calibrated even after the recent rehabilitation, 
but water is still being applied without any measurement.  However, it is a well 
known fact that most irrigation systems have only minimum facilities for water 
measurement.  Management of a manually operated canal with number of control 
structures makes a special set of challenges to system management.  
Uncoordinated, individual interventions at different control points may be resulting 
in operational losses and inefficient water distribution.  
Hydraulic calibration of existing structures through computer simulation helps to 
determine discharge coefficient and exponents for different locations.  This could 
be done by using flow calibration data at field sites.  Hydraulic calibration serves 
as a tool to fix calibration constants to each structure separately allowing the 
application of calibrated structures for effective canal simulation, which can help in 
decision making for accurate and effective canal management.  Many computer 
model applications are reported on hydraulic calibration from many regions 
including few from Sri Lanka.   
A mathematical model was developed to simulate canal operation at Kirindi Oya 
(Sally and Rey, 1992).  The innovative feature of the mathematical flow simulation 
model of the Kirindi Oya Right Bank Main Canal (RBMC) was that it provided 
new opportunities for studying manually operated systems.  Extensive field 
measurements were carried out to evaluate the physical and hydraulic parameters 
needed to calibrate the model.  The values obtain for most of the parameters 
showed deviations from the values assumed at the design stage, highlighting the 
importance of regularly monitoring and updating these parameters in order that the 
model continues to accurately simulate the hydraulic behavior of the canal. (Sally 
and Rey, 1992).  Alahakoon (1994) used a computer model for hydraulic structure 
calibration in Parakrama Samudra and Magalwewa schemes.  This computer model 
was developed to improve the performance of the operation and management of the 
systems after the structural rehabilitations.  Field measurements needed to be 
carried out accurately in order to get accurate coefficients.  With regard to 
calibration, flow measuring point had been categorized main and secondary nodes 
depending on their importance.  Imbulana (1994) applied a computer model in 
calibration of structures for flow measurement.  The computer program used the 
field measurements of the discharge and upstream and downstream heads as data 
and produced a rating curve and a rating table.  It calibrated the structure under 
both free flow and submerged flow conditions.   The computer program was 
applicable only to flows, which correspond to free flow over weir with water 
surface at atmospheric pressure and not to orifice flow conditions that may exist in 
gate structures.  Najim et al., (2004) applied CanalMan (Merkley, 1997) to simulate 
water supply during land preparation.  The results showed that the CanalMan 
model is a good tool to make decisions on water supply during land preparation 
process for paddy crop considering different flow levels along the canals.  There is 
a need to perform a hydraulic calibration of the model before it is applied in 
decision making.  Therefore, a study is carried out to perform hydraulic calibration 
of a canal system at “Track 4” settlement scheme in Ippologama AGA division of 
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Mahaweli system H with objectives to determine the hydraulic roughness/ 
roughness coefficient of different canal reaches and lateral off take/ turnout 
structures.  CanalMan software that performs hydraulic simulations of unsteady 
flow in branching canal networks is used in this study.   
Materials and Methods 
Site Selection 
A review of potential sites in Mahaweli system H for the implementation of the 
research project led to choose a part of D15 canal, D7 canal and its field canals in 
“Track 4” settlement scheme in Ippologama AGA division (Figure 01).   
Data Collection 
Already available relevant field data were collected from the Mahaweli Authority 
of Sri Lanka (MASL) in Mahailluppallama.  Other necessary field data needed to 
determine the hydraulic calibration of canal reaches and structures were collected 
at the field. 
As there were no fixed gauges in the field, area–velocity method was applied to 
measure flow rates at selected locations.  This method consists of measuring the 
area of the cross section of the canal at a selected section and measuring the flow 
velocity through the cross sectional area using a current meter.  Calibration 
parameters will be determined for canal reaches and selected inline and lateral off 
take structures in the selected canals. 
Hydraulic Roughness 
The data needed for the determination of hydraulic roughness were collected for 
each canal reach separately.  The data collected are inflow (Qin) and outflow (Qout) 
rates in the canal reach, upstream and downstream flow depths (hu and hd) for 
different canal flows, length of the reach, construction or lining material, width of 
the canal reach and side angle (in trapezoidal sections).  
Calibration parameters of different structures 
Weirs  
Figure 02 shows the data needed for hydraulic calibration of a sharp creased weir. 
The required data that were collected are upstream depth hu, upstream elevation 
rise El (minimum sill elevation with respect to the upstream bed level), sill width of 
the weir opening Gw (width of the crest), opening Go (defined by the actual height 
of the sill with respect to the minimum sill elevation) and height of the critical flow 
section over the weir crest hc. 
Hydraulic Calibration of Canal Reaches and Structures through Simulation 
Water Resources Research in Sri Lanka 
Round Gates 
In the case of round gates (Figure 03), the data collected for hydraulic calibration 
were upstream depth -hu, upstream elevation rise -El, opening diameter -do, vertical 
gate opening -Go, inside radius of the opening -ro, outside radius of the gate -rg, 
distance between the centerline of the opening and the intersection –y and distance 
between centerlines of gate and opening –P. 
Data Entering and Hydraulic Calibration 
Field canal layout was fed in to CanalMan software through the system layout 
window.  Different nodes and canal reaches together with reach configuration data 
were entered to the model through canal reach configuration window.  After error 
checking, computer simulations were carried out.  Each error message was 
attended and corrected prior to hydraulic simulations. 
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Figure 01:  Location and schematic diagram of the study site 
Selected 
length 2 km 
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Figure 02:  Schematic diagram of a sharp crested weir with required measurements 
 
Figure 03:  Schematic diagram of a round gate opening measurements 
Calculating Hydraulic Roughness 
Measured inflow and outflow for a given canal reach, and measured upstream 
(USD) and downstream (DSD) depths were entered to the utility program to find 
the Manning’s roughness values.  The program samples roughness values to come 
up with a gradually varied flow profile that matches given upstream and 
downstream depths. 
Flow Control Structures 
At first, discharge coefficient for each structure was computed separately.  Then 
calibration parameters, including coefficients and exponents, were obtained from 
field measurements whenever possible to provide representative modeling of flow 
control structures during hydraulic simulation.  When simulating canal systems, 
theoretical considerations and experimental data were combined with engineering 
judgments to determine the appropriate calibration values.  The calibration 
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parameters are fixed for one inflow rate in order to obtain the field measured 
upstream flow depth (USD).  Then the fixed parameters were checked for the 
correctness with other measured flow rates and required upstream depths. 
Results and Discussion 
Nature of Canals and Flows  
Canals D15 and D7 are only rectangular where concreted structures are located.  D15 
canal and some parts of D7 canals are earthen canals with natural vegetation and 
non-symmetrical cross sections that change within reaches also.  Though the model 
does not handle non-prismatic or natural canal sections, these canals were 
adequately approximated by trapezoidal sections.   
A seepage loss was computed in D15 canal with additional data such as total 
loss/leakages from gates (259.7 L/s), length (1.85 km), width (7.5 m) and average 
water depth (0.65 m).  The seepage loss estimated is 731 mm/day. 
Canal Roughness  
Canal simulations were done taking the flow rates as 0.715, 0.702, 0.698 and 0.675 
m3/s.  These flows were measured through current metering.  Respective outflows 
for each inflow at the end of the canal sections considered for the simulation were 
also measured in the field.  These inflows and outflows together with other 
physical measurements produced the roughness values in Table 01.   
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Table 01:  Simulated information and calculated roughness for different inflows. 
The model uses a default roughness as 0.012 in all reaches.  As it is not a 
reasonable value, the model simulations were done to find the roughness which 
suits to the prevailing flows and other canal parameters.  The results in Table 01 
were compared with roughness values in the literature (Chaw, 1959; Brater and 
King, 1976; French, 1985) (Table 02) and the type and condition of the lining 
material in each canal reach.  According to the results obtained for D15 canal, the 
Manning’s roughness for reach 1 and reach 2 are within the range of 0.12 – 0.14, 
which is the Manning’s roughness value of “Natural canal with many weeds and 
windings”.  Reach 3 value varies between 0.0116 and 0.0139, which are more close 
to the value of a “clay lined canal and concreted: rough, broken canal”.  Reach 3 is 
a short reach bordered by two structures so that the most of its length is concreted 
and weed free.  Roughness value for reach 4 is out of range.  It could be because of 
the existence of several lining types and some hydraulic jumps.  Those are few of 
the limitations in this model.   
Reach No. Inflow 
(m3/sec) 
Outflow 
(m3/sec) 
USD 
(m) 
DSD 
(m) 
Calculated 
Roughness 
Reach 1 0.702 0.635 0.403 0.532 0.136 
Reach 2 0.635 0.586 0.135 0.480 0.133 
Reach 3 0.586 0.569 0.299 0.526 0.0139 
Reach 4 0.569 0.515 0.119 0.614 - 
Reach 1 0.675 0.604 0.396 0.526 0.099 
Reach 2 0.604 0.555 0.123 0.473 0.120 
Reach 3 0.555 0.538 0.292 0.520 0.0116 
Reach 4 0.538 0.485 0.115 0.510 - 
Reach 1 0.698 0.626 0.401 0.530 0.136 
Reach 2 0.626 0.577 0.135 0.478 0.135 
Reach 3 0.577 0.500 0.284 0.511 - 
Reach 4 0.500 0.448 0.110 0.502 - 
Reach 1 0.715 0.644 0.405 0.534 0.136 
Reach 2 0.644 0.595 0.137 0.534 0.134 
Reach 3 0.595 0.518 0.288 0.515 - 
Reach 4 0.518 0.465 0.112 0.506 - 
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First reach of D7 (LB5) canal is recently concreted, so that it has smooth flow beds 
and its cross section is rectangular and symmetrical.  Therefore, the model 
limitations do not affect the results and the results are more reliable.  Reach 2 is not 
concreted and straighter compared to other reaches without much weeds. 
Table 02:  Summarized results of calculated roughness values with standards 
Structure Calibrations 
One weir and five round gates were calibrated.  The discharge coefficient becomes 
a constant when exponent is 1.55 for all inflow rates for the weir.  For the round 
gates, with the default setting, the calibration coefficient and exponent are 0.6 and 
unity, respectively.  Calibration was performed for both gates in submerged flow 
condition at system inflow rate of 0.702 m3/sec in the D15 canal.  In the same way, 
the SD1, SD2 and SD3 gates with 0.45 m diameter were calibrated.  Calibration 
was performed for D7 at inflow rate of 0.191 m3/ sec whereas validation was 
performed at an inflow rate of 0.199 m3/sec.  These results are summarized in 
Table 03.   
 
 
 
Canal 
 
Reach 
 
Calculated roughness 
coefficient (Range) 
 
Type of lining 
(Range of Manning’s 
roughness) 
Reach 1 0.099 – 0.136 
 
Natural: Many Weeds, 
Winding (0.075-0.150) 
Reach 2 0.120 – 0.133 
 
Natural: Many Weeds, 
Winding (0.075-0.150) 
Reach 3 0.0116 – 0.0139 
 
Clay Lining 
(0.011-0.018) 
D15 
 
Reach 4 Out of range  - 
D7 (LB5) 
 
Reach 1 0.0105 – 0.0139 
 
Concrete: Smooth, New  
(0.010-0.014) 
 Reach 2 0.0241 – 0.0324 
 
Natural: Clean, Straight 
(0.025-0.033) 
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Table 03:  Calibration information of sharp-crested weir and round gates 
Conclusions 
This paper has focused on the theoretical aspects related to hydraulic calibration as 
well as practical procedures to calibrate canal reaches and structures using 
CanalMan software that accurately reflects the field conditions.  By the values 
obtain for hydraulic roughness of different canal reaches; there are significant 
Gate and Location Simulation  Parameter Upstream 
Depth 
(m) 
D15 - Reach1 
Sharp-crested 
Weir  
Calibration 1.55 0.671 
 Validation 1 1.55 0.665 
 Validation 2 1.55 0.674 
 Validation 3 1.55 0.669 
D7 (LB5) Calibration 0.38 0.539 
 Validation 1 
 
0.385 
 
0.532 
 Validation 2 0.385 0.532 
D9 (LB6) Calibration 
 
0.46 0.714 
 Validation 1 
 
0.46 0.713 
SD1  Round gate 
 
Calibration 0.0619 0.655 
 Validation 0.0644 0.658 
SD2  Round gate 
 
Calibration 0.0528 0.741 
 Validation 0.0559 0.741 
SD3  Round gate Calibration 0.0445 0.755 
 Validation 0.0408 0.754 
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differences in Manning’s roughness in main distribution (D15) and sub distribution 
(D7, SD1, SD2, SD3) canals.  From the values resulted at the study, except in one 
reach, each reach has its specific value.  Comparisons of simulated values with 
reference to standard values show that the model can accurately predict roughness 
values if the reaches are uniform with enough data.  It can be concluded that the 
model can be used easily to determine the hydraulic roughness with known 
conditions along irrigation canals in Mahaweli system H.   
Sharp-crested weirs and round gates were found as inline and off take structures, 
respectively in the study area.  The calibration parameters including coefficients 
and exponents can be easily obtained from field measurements and representative 
modeling of flow control structures or off take structures during a hydraulic 
simulation.  Most of the round gates and circular gates are not calibrated in the 
study area.  When simulating canal systems, theoretical considerations and 
experimental data can be combined with engineering judgment to determine 
appropriate calibration values.  With proper engineering judgments, the model 
CanalMan can determine calibration parameters of the lateral off take and inline 
structures.   
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